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"Detecting or Quantifying Multiple Analytes 
using labellincr l;-*' nhnirpiPB't 

This invention relates to methods and reagents for the 
assay, detection, quantification, location or analysis of 
each of a plurality of substances of interest ("analytes-) 
in a sample in which each substance is linked ("labelled") 
with another molecule or molecules capable of taking part 
in a chemiluminescent reaction. 

For the purposes of this specification, a chemi- 
luminescent reaction is defined as one which involves a 
chemical reaction that results in the emission of electro- 
magnetic radiation. This luminescence is to be 
distinguished clearly from fluorescence and phosphorescence. 
Here, luminescence, or more precisely, chemiluminescence 
also encompasses light emission from biological reactions 
(bioluminescent reactions) . 

k luminescent reaction is normally one between at least 
two molecules (S and L) with or without other reagents, 
cofactors, or a catalyst (D) or under the influence of a 
physical trigger. L is the substance which generates light, 
such as luminol. s is the substance which reacts with L to 
cause excitation, for example oxygen or hydrogen peroxide. 
D (if present) is a cofactor, and/or catalyst or trigger 
such as an enzyme, a luciferase, or potassium ferricyanide. 
The reaction between L and S results in the conversion of L 
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to an excited molecule L* and the return of this excited 
molecule to a non-excited state results in the emission of 
a photon. The reaction between I, and S and the decay of L* 
to the non-excited state may take place spontaneoxisly or may 
5 require the presence of the cof actor or catalyst D, or a 
physical trigger such as temperature. An exan^le of such a 
reaction is the oxidation by H O of luminol. The catalyst 
and cof actors are often inorganic compoimds as here, but may 
also be extracted from biological material such as the 
10 enzyme peroxidase which catalyses the luminescent reaction 
involving luminol. 

These methods and reagents discussed above may be used 
in a wide variety of techniques such as immuno-assays, 
protein binding assays, nucleic acid hybridisation assays, 
15 cellular receptor binding assays and other analogous 
techniques which involve binding of the substance of 
interest with a specific binding partner or reagent. These 
types of linking are referred to herein as "binding or 
otherwise linking with". 
20 The substances of interest may be peptides, proteins, 

polypeptides, nucleic acids and other siibstances of bio- 
logical interest. 

Binding assays have been used for many years in the 
quantitation of molecules of biological interest. Numerous 
25 examples have been described in which the binding step is an 
immunological reaction, a protein binding reactiion, 
reaction with a cellular receptor or a complementary nucleic 
acid hybridisation reaction. Sensitive assays based on 
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these reactions require the use of a label which can be 
attached or incorporated into one of the binding partners of 
such a reaction such that the degree of binding and hence 
the concentration or mass of another component of the 
reaction - the substance of interest - can be determined. 
Many variations of the basic binding reactions have been 
described and many different labels used, including radio- 
isotopes, enzymes, fluorescent molecules and chemi- 
lufflinescent molecules. 

various combinations of these have been used in 
sequence for the detection and quantitation of a wide 
variety of analytes ranging from small molecules such as 
hormones and drugs to large molecules such as nucleotides. 

Generally speaking, these techniques have only been 
applied to the investigation of a single analyte in one test 
reaction, but there have been a limited number of examples 
where two analytes have been determined essentially using a 
single test procedure. The best known of these have been 
simultaneous immunoassays and/or protein binding assays for 
vitamin B12 and folic acid and also for thyroxine and thyro- 
trophin. In these cases the two different reactions are 
monitored independently using a different radioactive 
isotope for each. Here use is made of cobalt-57 and iodine- 
125 whose radioactive emissions are distinguishable using an 
appropriate gamma counter. similar strategies have also 
been used for the simultaneous determination of lutrophin 
and follitrophin. 

Radioactive reagents have three major disadvantages. 
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Firstly, the method of labelling involves the use of highly 
radioactive and hence potentially hazardous reagents. 
Secondly, the shelf life of the radioactively labelled 
substance is often relatively short not only because by its 
5 very nature the radioactive isotope is continuotisly 

decaying, but also radioactively labelled proteins are often 
unstable. Thirdly, it is often difficult to label proteins 
sufficiently to provide a sensitively and rapidly detectable 
reagent. The measxxreaent of luminesence is both highly 
10 sensitive and very rapid, the time of measurement being of 
the order of seconds rather than the several minutes 
normally required for measurement of radioactivity. The 
attachment either covalently or non-covalently, to sub- 
stances not normally capable of taking part in a lumines- 
15 escent reaction of a substsmce which is capable of taking 
part in a luminescent reaction provides a reagent which can 
be rapidly measured in very small qusmtities. 

Work has been described relating to the use of 
different fluorescent molecules in so-called "dual 
20 labelling" systems. However, fluorescent labelling systems 
ara usually capsQ^le of only gross analysis of substances and 
are not generally suitsUale for sensitive analysis. Also, 
with fluroescent systems, the sample is illuminated by U.V. 
radiation to measure the fluoresence and this may caiase 
25 major problems due to photobleaching. Multiple analyte 
immunoassays based on the use of fluorophores have been 
described in which the different labels oised have been 
chelates of different lanthanide metals emitting at 
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different wavelengths. Limitations arise here becaiise 
certain of the f luorophores used have low quantum yields and 
generally all assays based on these materials require 
complex instrumentation and chemistries in order to achieve 
5 the high levels of performance which are characteristic of 
many chemiluminescent systems (Ref.l). 

Broadly stated, according to one aspect of this 
invention, there is provided a method for the assay, 
detection, quantification, location or analysis of each of 
10 a plurality of substances of interest contained in a sample, 
which comprises labelling each of said substances with one 
' or more components capable of taking part in a respective 
distinguishable chemiluminescent reaction. 

In another aspect, this invention provides a method for 
15 the assay, detection, quantification, location of analysis 
of a sample containing at least two substances of interest 
which comprises 

(i) treating said sample to form at least first and 
second complexes, said first complexes being made up 
20 of one of said substances, or a respective associated 

substance, bound or otherwise linked with a first 
reagent capable of taking part in a first chemi- 
luminescent reaction and said second complexes being 
made up of another of said substances, or a respective 
25 associated substance, bound or otherwise linked with 

a second reagent capable of taking part in a second 
chemiluminescent reaction which has emission 
characteristics distinguishable from those of said 
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first chemiluminescent reaction; 

(ii) sxibsequently treating said sample containing 
said first and second complexes to cause said first 
and second chemiluminescent reactions to occtir, and 
5 (iii) observing, sensing, measuring and/or recording 

the emission of each of said chemiluminescent reac 
tions* 

In yet another aspect, this invention provides a luminescent 
reagent which comprises a mixture of at least two substances 

10 capable of binding or otherwise lin)cing with respective 

different binding partners, one of said substances being 
labelled with one or more con^onents capable of talcing part 
in a respective one chemiluminescent reaction and another 
of said substances being labelled with one or more com- 

15 ponents capable of taking part in a respective other chemi- 
luminescent reaction of which the emission characteristics 
are distinguishable from said one chemiluminescent reaction. 

We have found that different chemiluminescent labels 
can be produced which, by appropriate chemical manipulation, 

20 possess different characteristics in terms of the speed and 
wavelength of light emission and that these different labels 
can be used advantageously in analyte binding systems to 
permit the substantially simultaneous quantitation of two or 
more different analytes within a single test procedure. 

25 It is known that certain changes in the structure of 

chemiluminescent molecules cause changes in the spectrum of 
the emitted light. Recently it has been suggested that 
conventional enzyme immunoassays with light emitting end 
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points could be used for multiple assays (Ref .2) though it 
is not taught how this may be achieved nor is it obvious how 
such assays would be performed. Neither are there any data to 
support this suggestion. No comparable suggestions have 
5 been made for situations in which luminescent molecules 
themselves are linked to substances of biological interest 
as opposed to using Iviminescent end-point enzyme immuno- 
assays. The advantages of using such direct labelling as 
opposed to enzymic modulation are well established and yield 
10 advantages in terms of simplicity, robustness and 

sensitivity. No teachings exist as to how the advantages of 
such systems may be exploited for multiple analyte assays 
nor is it obvious what instrumentation would be required 
etc. in order to perform such assays. More recently it has 
15 been shown that modification of the lucif erase component of 
biolximinescent reactions by genetic manipulation (Ref. 3) 
forms an additional means of modifying the wavelength of 
emission from such reactions as an alternative to modifying 
the chemical structure of the corresponding lucif erin. 
20 In a further aspect it is known that, generally, change 

in chemical reaction conditions or structural changes within 
the reactant molecules themselves may affect the rates of 
their various possible reactions. Similarly, more 
specifically, the kinetics of chemiluminescent reactions are 
25 often affected by the chemiluminescent molecule. It has 
been suggested for example (Ref. 4, 5) that the rates of 
chemiluminescent reactions of acridinium salts are dependent 
on certain structural features. Likewise it has been 
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reported that enzyme driven chemiluminescent reactions may 
be affected by the structure of the substates (Ref.6). That 
these kinetic effects may be utilised in the development of 
multiple assays based on such kinetic differences has not 
5 been taught, neither is it obvious from any related art how 
such assays may be configured and utilised. 

A discussion of non**limiting esibodiments of the 
invention now follow, together with a specific example of an 
assay procedure, reference being made to the accompanying 
10 drawings, in ii^ch:* 

Figtire 1 is a schematic graph showing emission 
intensity vs» time a typical test procedure, according to the 
invention? and 

Figure 2 is a schematic graph showing emission inten- 
15 sity vs. time in an example of procedure according to the 
invention for the immunochemiluminometric assay for human 
gonadotrophin and human alpha--fetoprotein. 

A and B are the analytes of interest axid are each 
20 capable of binding more than one antibody molecule so that 
parallel two«^ite immunoassays can be set up. A mixture of 
antibodies capable of binding A and B is coated on to the 
walls of a test tube. The sample for analysis containing 
xmJcnown amoimts of A and B is added to the tube together 
25 with a mixture of soluble complementary antibodies capable 
of binding to other sites on A and B. The soluble emti- 
bodies specific for A and B are labelled with chemi-* 
luminescent molecules exhibiting distinguish£ible charac* 
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teristics, e.g. fast and slow light emission. Following an 
appropriate incubation period^ two-site immtine complexes 
will be formed on the sides of the tube, the extent of 
immune complex formation depending on the amount of A and B 
5 present. Following removal of xmbound sxibstances by aspira- 
tion of the soluble contents of the tube, the chemi- 
luminescence emission remaining is triggered and then 
measured in a liiminometer • The total nximber of photons 
emitted is proportional to the total amount of A and B 
10 present. However, in this example, the chemiluminescence 
emission from labelled antibodies specific for A is rapid 
and complete within one second v^ereas the emission from 
leUselled antibodies specific for B is much slower and 
reaches a peak after initiation before decaying over the 
15 next nineteen seconds (see Figure 1) , Thus measurement of 
the photons emitted in two sepaurate time windows of 1 and 19 
seconds within an overall measuring time of 20 seconds 
permits independent quantitation of A and B upon calibration 
of the system* 
20 ft^p^v yechnjcp^^s anc^ f^^XY^B^ 

The methods in accordance with the invention may 
cpiantify those species of biological interest which are 
identifiable using single analyte quantitation techniques. 
The following examples are given with guidance as to the 
25 type of binding reaction used. This list is given for 
example only and does not imply any limitations of the 
invention:- 
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Immunoassay: 

Drugs, vitamins, steroids, thyroid hormones, 
peptides, polypeptides, proteins, immuno- 
globulins, viruses, bacteria, protozoa* 
Protein binding assays: 
Vitamins, cof actors, enzyme inhibitors. 
Nucleic acid hybridisation assays: 
Oligonucleotides, polynucleotides, DNA, HNA, 
onocogenes , micr oorgzmisms • 
Receptor binding assays: 

Progestogen receptors, estrogen receptors, 
thyrotrophin receptors, thyroid hormone receptors. 
Certain pairs of groups of analytes are often measured to 
get a more complete picture of the biological system or to 
15 improve efficiency of testing of the biological system. In 
such cases the availadaility of simultaneous, multi-analyte 
measurement offered by the invention is uniquely 
advantageous. Bxeunples of such groups of analytes are given 
below but do not imply limitations of the invention. 
20 1. Hormones: 

Thyroxin/ thyrotrophin, lutrophin/follitrophin, 
adrenocorticortrophin/ Cortisol • 

2. Vitamins and cof actors: 

Vitamin B12/ folic acid, 1,25-dihydroxycholical- 
25 ciferol/25-hydroxycholecalciferol. 

3. Nucleic acids (from viruses and micro*6rganisms) : 
Neisseria Gonorrhoea/ Chlamydia Trachomatis. 



2. 



3. 



10 
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4. Tunour markers: 

Prostate Specific Antigen/Prostatic Acid 
Phosphatase , alphaf etoprotein/carcinoembryonic 
antigen/chorionic gonadotrophin. 

Labels 

The preferred way of associating chemiluninesence 
activity with the appropriate binding reaction is to 
chenicaHy or physically couple a component such as a chemi- 
luainescent molecule, capable of taking part in a chemi- 
luninescent reaction, to one of the con^jonents of that 
binding reaction so as to produce a specific labelled 
reagent. The luminescent reagents according to the present 
invention will thus include two or more such labelled 
reagents each carrying a label having different characteris- 
tics in terms of kinetic and/or spectroscopic properties. 
Each of these labelled reagents will have a particular 
specificity for taking part in a given binding reaction, 
thus each given binding reaction can be monitored indepen- 
dently even though two or more such reactions are occurring 
simultaneously. Hence it is possible to quantify, indepen- 
dently and simultaneously, the analytes taking part in these 
parallel binding reactions. 

Different members of a number of classes of chemi- 
luminescent molecules are capable of exhibiting differences 
in kinetic and/or spectroscopic properties and can hence be 
used in the invention, including acridinium and related 
compounds (e.g. phenanthridinium compounds), phthal- 
hydrazides and related compounds (e.g. naphthalhydrazides) , 



wo 91/00511 



PCr/GB90/00957 



12 



oxalate esters and related compounds and also stabilised 
dioxetanes and dioxetanones • The variations of compounds 
within such groups are well-known to those moderately 
skilled in the art, likewise it is known that the quantum 
5 yield, kinetics and emission wavelengths of their chemi- 
luminescent reactions are affected by their structure (see 
earlier and also Refs. 7-11 ) . Thus the structures of a 
plurality of compoiinds differing in kinetics or emission 
wavelength peorameters, suitedjle for use in this invention 
10 are individually readily conceived by one skilled in the 
art. For example, from the existing literature, one skilled 
in the art would know to choose from those compounds with 
high quantum yields, and to choose those compounds which, 
relative to each other possessed substantiail differences in 
15 their reaction rates or their emission wavelengths, in order 
to maximise the resolution between the detection of these 
compounds. Aryl acridinium esters may be used as labels with 
appropriate chemical modifications made to produce the 
desired kinetic and spectroscopic parameters. Some exauaples 
2 0 of such compounds are given below and do not imply any 
limitations of the invention. 
1. Kinetic vauriation 




* ^ — 



Duration of light emission 



under standard conditions ^ 



25 



O 



0.8 seconds 
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b. 



Duration of light emission 



under standard conditions » 



o 



Cm 




60 seconds 



In the acridinium phenyl ester of la. the phenyl moiety is 
substituted with P groups which are electron withdrawing and 
thus modify the acridinium phenyl ester so that the emission 
of light occurs over a relatively short period. In the 
acridinium phenyl ester of lb, the phenyl moiety is sub- 
stituted with CH3 groups which are electron donating so 
that the emission of light occurs over a relatively long 
period. Other electron donating and withdrawing groups may 
be used. 



c. 



15 



Dxiration of light emission Under 
40 L standard conditions (9,10- 

diphenylanthracene fluorescent 



acceptor) =30 min 



20 
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/* 0t O 0 /^^t Duration of light emission under 

/iQV^^ "'^^ \0/ standard conditions (9,10 - 

iJOj^ ^ diphenylanthracene fluorescent = 



2 min 



Table 1 gives further examples for the series 
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2. Spectroscopic variation 




Emission 
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In 2hf the electronic conjugation of tlie nucleus has been 
increased so that the emission radiation is of relatively 
long wavelength. 
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In each of the acridiniuo compounds illustrated 
above, R is selected to allow covalent coupling to a 
component of the appropriate binding reaction. Appropriate 
coupling groups are well described but in this example are 
selected such that the desired kinetic and/or spectroscopic 
properties of the molecule are maintained and also that the 
final labelled reagent is still active in terms of its 
ability to participate in the binding reaction, such groups 
include N-hydroxysuccinimide esters, imidate esters, iso- 
thiocyanates and other established active group or groups 
that can give rise to active groups to facilitate coupling 
to molecules of biological interest. Preferably these 
groups are linked to the chemiluminescent moiety by an 
aliphatic chain of appropriate length. 

In a further aspect it is possible to also make 
use of chemiluminescent reactions which involve energy 
transfer to a fluorescent acceptor molecule. As an example 
of this it is possible to label an antibody of one 

specificity with 

20 fluorescein and an antibody of another specificity with 

rhodamine. These antibodies can be used in simultaneous 
two-site assays and the end-points determined by introduc- 
tion of a peroxyoxalate chemiluminescence system (hydrogen 
peroxide/bis-2, 4-dinitrophenyl oxalate). Radiationless 
energy transfer occurs resulting in the emission of light at 
two different wavelengths (green-yellow from fluorescein/ red 
from rhodamine), the intensities of the emissions are 
directly proportional to th amount of the relevant labelled 
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antibody boirnd in the immnocheiaical reactions. 
^T^;^ lY^e>bi Tl^^nq partneirs ^reaaents^ and biyiflinq TRactiops 

The following schemes represent examples of 
binding partners or binding reactions that it is possible to 
use for the determination of concentrations of single 
analytes which are used currently: 



Key: 



Solid phase matrix (e.g. coated tiibe, 
magnetisable particles) 
Different analytes- represented by 

<^ (D A and B 

Antibodies specific for A and B 
respectively or binding proteins 
specific for A and B respectively or 
^ receptors capable of binding A and B 
respectively 

Oligonucleotide sequences A and B 




20 



11 



Complementary oligonucleotide sequen 
ces 

Binding reagent for double-stranded 

(recombinant) nucleic acid sequences 

Chemiluminescent labels exhibiting 

different r action kinetics smd/or 
spectroscopic properties respectively. 
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la. Two -Site immunoassavs . 



r + 



Antibodies of a given specificity for the analyte recognise 
different parts of the given analyte to permit formation of 
the two-site immune complejc. Excess concentrations of 
reagent over analyte are used in two-site systems, 
lb Competitive binding immunoassays (labelled antigen) 

ir< ^ ^^^^ 



ic Two-site/competitive binding (labelled antigen) 
combination. 

Id Two-site/competitive binding (labelled antibody) 
10 combination. 
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It Should be noted that limiting reagent concentrations are 
used in competitive binding systems. 



2. Oligonucleotide hybridisation assays 




The above are all examples of heterogeneous assay systems in 
which the analyte/ binding-partner complex is isolated from 
uncomplexed material. Additionally it is possible to apply 
the disclosed systems to homogeneous assays. 



Tnstiruffient^tlCT 

Photon counting equipment may be used for the 
10 measurement of light intensity. The sensing equipment 
should be capable of distinguishing th' emissions from the 
distinguishable chemilumlnescent reactions. 
1 A Kinetic discrimina^ionn 

As described in the earlier example, the equip- 
15 ment should be capable of recording measurements of light 
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intensity (preferably as photon counts per unit time) within 
at least two time frames to permit independent measurement 
of the intensity arising from slow and fast reactions, m 
many instances there will be overlap between the two signals 
5 Which is accounted for by appropriate selection of time 
frames or by mathematical estimation of the overlap. 
2. Spect roscopic discrimination; 

Here it is necessary to measure the intensity of 
two or more wavelengths simultaneously. This can be 
achieved, e.g. by use of the necessary number of photomul- 
tiplier tubes each fitted with a bandpass interference 
filter to permit measurement of one signal at the exclusion 
of others. Alternatively a single photomultiplier tube can 
be used such that the light emitted from the reaction is 
first passed through a fast scanning spectrometer or 
filter/chopper system. Synchronisation of the photomul- 
tiplier tube output with the scanning or chopping frequency 
thus permits independent quantitation of the different 
wavelengths. 
20 SPECTPTr kXAmpt.t; 

1. Preparation of labelled antibodies; 

a. 4-{2-carbonylethyl) phenyl-io-methyl acridinium- 

9-carboxylate f luorosulphonate labelled antibodies to human 
chorionic gonadotrophin (hCG) . 

The acridinium label was synthesised as follows: 
acridinium-9-carboxylic acid (5g) was refluxed with thionyl 
chloride (15 ml) for 3 h urs. The solvent was removed under 
reduced pressure and the product suspended in anhydrous 
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pyridine (35 ml) . Benzyl 4-hydroxyphenylpropanoate (9 nmol) 
was added and the solution stirred overnight at room 
temperature. The mixture was subsequently poured into 
crushed ice/1 M hydrochloric acid (250 ml) and the resulting 
5 precipitate filtered, washed with water and dried under 
reduced pressure. The 4- (2-benzyloxycarbonylethyl) phenyl- 
9-acridine carboxylate thus obtained was recrystallised from 
benzene/ cycldhexane. 0.46 g of this was dissolved in 
hydrogen bromide/ acetic acid mixture (45/55 w/w, lo ml) and 
10 the solution stirred for 2 h at 50-55 "C. The solution was 
poured into water (100 ml) and the resulting yellow solid, 
filtered, washed with water and dried under reduced 
pressure, thence recrystallised from acetonitrile/chloroform 
to yield 4-{2-carboxyethyl)phenyl-9-acridine carboxylate. 
15 N-hydroxysuccinimide (62 mg) was dissolved in dimethyl- 

formamide (5 ml) together with 200 mg of the above acridine 
carboxylate. The mixture was cooled to -20**c amd 
dicyclohexylcarbodiimide (123 mg) added, followed by 
stirring for 2 h at -20 »C, thence overnight at room 
20 te3i5)erature. One drop of glacial acetic acid was then added 
and the mixture left for a fiarther 30 min. The dicy- 
clohexylurea was removed by filtration and the material 
obtained by evaporation of the liquor was recrystallised 
from benzene/ cyclohexane to yield 4-(2-succinimidyloxy 
25 carbonylethyl)phenyl-9-acridine carboxylate. The product 
(234 mg) was dissolved in anhydrous chloroform (25 ml) and 
methyl fluorosulphonate (0.5 ml) added. The precipitate which 
formed after stirring at room temperature for is hours was 
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filtered and washed with anhydrous benzene to yield 4-(2- 

succininidyloxycarbonylethyl) phenyl-io-methylacridiniuffl-s- 
carboxylate fluorosulphonate. Mouse nonoclonal antibodies 
(50 ;ig) raised to human chorionic gonadotrophin were 
5 dissolved in sodium phosphate buffer (pH 7.4, o.i m, 200 ;il) 
containing 0.15 M sodium chloride. a stock solution was 
made of the acridinium-succinimidyl ester in acetonitrile 
(0.5 mg/ml) and lo jil added to the antibody solution with 
mixing. After incubation at room temperature for 15 min in 
10 the dark, a solution of lysine monohydrochloride (lOO jil, 
lOmg/ml) in the above buffer was added and the mixture left 
for a further 5 min. The mixture was purified on a column 
of Pharmacia Sephadex G25-M (30 cm x 0.6 cm) equilibrated 
and eluted with phosphate buffered saline (pH 6.3, o.l M, 
15 0.15 M Maci) containing o.l% (w/v) bovine serum albumin and 
0,05% (w/v) sodium azide. 0.5 ml fractions were collected 
and the void volume fractions pooled and stored at 4»C. 
b . 4- ( 2-imidylethyl) -2 , 6-dimethyl-io-methy lacridini- 

um-9-carboxylate dichloride labelled antibodies to human 
20 alpha-f etoprotein (AFP) . 

The acridinium label was synthesised as follows: 
acridinium-9-carboxylic acid (2.5 g) was refluxed with 
thionyl chloride (lo ml) for 3 hours. The solvent was 
removed under reduced pressure and the product suspended in 
anhydrous pyridine (25 ml). 2 , 6-dimethyl-4-hydroxy- 
phenylpropionitrile (1.3 g) was added and the solution 
stirred overnight at room tea^jerature. The mixture was 
subsequently poured into crushed ice/1 M hydrochloric acid 



25 
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(250 ml) and the resulting precipitate filtered, washed with 
water and dried under reduced pressure. The 4-(2- 
cyanoethy 1 ) -2 , 6-diinethylphenylacridinium carboxy late thus 
obtained was dissolved in anhydrous chloroform (15 lal) and 
5 methyltrifluoroaethylsulphonate (0.5 ml) added. The precip- 
itate which formed after stirring overnight at room tempera- 
ture and addition of diethylether was filtered off and 
washed with anhydrous benzene to yield 4-(2-cyanoethyl)- 
2 , 6-dimethyl-phenyl-io-methyl-9-acridiniumcarboxylate 
10 trif luoromethylsulphonate which was subsequently dissolved 
(69 mg, 10 ml) in anhydrous methanol. HCl gas was bubbled 
through the solution under nitrogen, kept at ice temperature 
for 2 hovurs and left to stand for a further 1 hour. The 
crystals formed were filtered under an atmosphere of dry 
15 nitrogen and washed with anhydrous methanol to yield 4-(2- 
methyloxyimidylethyl) -2, e-dimethylphenyl-io-methylacridini- 
um-g-carboxylate dichloride. Mouse monoclonal antibodies (50 
jxg) raised to human alpha-fetoprotein were dissolved in 
sodium borate buffer (pH 9.5, 0.1 M, 200 |il) containing 0.15 
20 M sodium chloride. A stock solution was made of acridinium 
imidoester in acetonitrile (0.5 mg/ml) and 190 )a added to 
the antibody solution with mixing. After incubation at room 
temperature for 30 min in the dark, a solution of lysine 
monohydrochloride (lOO /il, lOmg/ml) in the above buffer was 
25 added and the mixture left for a further IS mins. The 
mixture was purified as described above. 
2. Prepzorati n of solid-pheise antibodies 

M nodonal antibodies to human chorionic g nadotr - 
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phin and alpha-fetoprotein recognising distinct epitopes to 
those recognised by the labelled antibodies were coupled to 
paramagnetic particles using published methods. 
3. "Simultaneous" immunochemiluminometric assay for human 
5 chorionic gonadotrophin and human alpha-fetoprotein. 

Solid phase antibody suspensions (800 fxq/ml) were mixed 
in equal volumes. Labelled antibody solutions (10 ng/ml 
anti-hCG, 50 ng/ml anti-AFP) were mixed in equal volximes. 
Diluent buffer was same as antibody purification buffer 
10 (above). Standard mixtures for calibration consisted of 
solutions containing known concentrations of hCG and AFP in 
horse serum. 50 ^1 of patient senim sample were dispensed 
in duplicate into 12 x 75 mm polystyrene test ttibe. Standard 
tubes were set up in duplicate using 50 pi of the 
15 appropriate standard. lOO jil of the labelled antibody 
mixture were added followed by aoo ;il of the solid-phase 
antibody mixture. The tubes were mixed and set aside for 1 
hour at room temperatxire. iml of wash solution (1.76 g/1 
sodium dihydrogen orthophosphate, 0.15M sodixm chloride, 
20 0.5% (W/v) sodiumaxide, 0.5% bovine serum albumin, l% (v/v) 
Triton X-lOO) was added and the tubes placed in a magnetic 
rack to facilitate sedimentation of the solid phase. The 
supematants were decanted to waste and a further 1 ml of 
wash buffer added followed by mixing of the ttibe contents. 
25 A further sedimentation/decantation step was performed and 
the tubes placed in a luminometer. 
4. Measurement of light intensity. 

Measurements of light emission were made in a Ciba 
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Corning Magic Lite Analyzer using procedxires recommended by 
the Maniifactiirer. Manipulation of the software enabled 
distinct,- sequential integration of light intensity with 
respect to time. Separate integrations were performed in the 
5 rsmges 0^-1 and 1-2 seconds corresponding to light 
emission from the hCG and AFP antibodies respectively and 
hence being proportional to the concentrations of hCG and 
AFP in the sas^le. Since some overlap existed due to inter- 
ference with the hCG signal by the AFP signal, correction 
10 was necessary. This was achieved by estimating the AFP 
contribution to the 0-1 second integration using the 
previously determined relationship of the light intensity at 
2 seconds to the integral between 0-1 seconds, as can be 
seen in Figure 2. 

Corrected 

[hCG] Photon [AFP] Photon Overlap hCG Photon 
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Counts 




kU/L 
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15 r«3.40 

When t^CG] » [AFP] the residual hCG signal during the 
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second time window made a significant contribution hence 
perturbing measurement of x. This was not a problem in 
practice and could be minimised by relative assay optimisa- 
tion e.g. by manipulaUon of specific activities of the 

5 labelled antibodies. 

In situations where accuracy is required even at 
extreme relative concentrations mutual overlap is accounted 
for by the use of more complex software capable of iterative 
or simulatenous equation calculation. 

.0 Where overlap is a serious problem alternative 

labels must be sought that exhibit greater differences in 
their relative kinetic properties. 
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1. A method for the assay, detection, quantifica- 
tion, location or analysis of each of a plurality of 
substances of interest contained in a sample, which com- 
prises labelling each of said substances with one or more 
components capable of taking part in a respective distin- 
guishable chemiluminescent reaction. 

2. A method for the assay, detection, quantifica- 
tion, location or analysis of a sample containing at least 
two substances of interest which comprises treating said 
saa^le to label one of said at least two substances, or a 
respective associated substance, with one or more components 
which can take part in a first chemiluminescent reaction, 
and to label another of said at least two substances, or a 
respective associated substance, with one or more components 
which can take part in a second chemiluminescent reaction, 
wherein the emission characteristics of said first and 
second chemi-luminescent reactions are distinguishable from 
each other, 

subsequently causing said chemiluminescent reactions to 
occur, and observing, sensing, measuring and/ or recording 
the emissions of each of said chemiluminescent reactions. 

3. A method for the assay, detection, quantifica- 
tion, location or analysis of a saa^le containing at least 

25 two substances of interest which coa^jrises: 

(i) treating said sample to form at least first 
and second complexes, said first complexes 



15 



20 



wo 91/00511 



PCr/GB90/00957 



29 

being made up of one of said substances ^ or a 
respective associated substance, bound or 
otherwise linked with a first reagent capable 
of talcing part in a first cheailuminescent 
5 reaction and said second complexes being 

made up of zmother of said substances, or a 
respective associated soibstance, bound or 
otherwise linked with a second reagent 
capetble of taking part in a second chemi- 
1*0 luminesbent reaction which has emission 

characteristics distinguishable from 
those of said first chemiluminescent 
reaction; 

(ii) subsequently treating said sample 

15 containing said first and second complexes 

to cause said first and second chemi- 
Itaainescent reactions to occtur, and 

(iii) observing, sensing, measuring and/or 
recording the emissions of each of said 

20 chemi luminescent reactions • 

4. A method according to Claim 3, wherein said 
step of treating to fozna first and second complexes includes 
reacting said sample with a mixture containing said first 
and second reagents. 

25 5. A method according to Claim 3 or Claim 4, 

wherein said first and second chemiluminescent reactions are 
caused to occur by effecting substantially simultaneous 
triggering of said chemiluminescent reactions. 
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6. A method according to any preceding claim, 
wherein the emission characteristics of each of said 
chemiluminescent reactions are distinguishable in terms of 
the variation of li^t emission or radiatiion intensity with 
5 time of the emissions. 

?• A method according to Claim 6, wherein the 
intensity of the radiation emitted from said sample is 
observed, sensed, measxired and/ or recorded over two dif- 
ferent time intervals which may overlap. 
10 8. A method according to any of Claims 1 to 5, 

wherein each of said chemiluminescent reactions emits 
radiation in a respective different specrtral range. 

9. A method according to any of Claims i to 5, 
which involves at least three chemiluminescent reactions, of 

15 which at least two eure distinguishable in terms of the 
spectral emission ch2u:acteristics and at least two are 
distinguishaJDle in terms of the variation of light or 
radiation intensity with time. 

10. A method according to Claim 8 or 9, wherein 
20 the emissions are filtered by respective filtering means 

responsive to radiation in said different spectral ranges 
and the filtered intensities of the emissions are observed, 
sensed, measured and/ or recorded. 

11. A method according to Claim 3 or any claim 
25 dependent thereon, wherein at least one of said first and 

second complexes is made up by a reagent bovmd to a sub- 
stemce by one of an immunoassay binding reaction, a protein 
binding reacti n, a nucleic acid hybridisation and a 
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receptor binding reaction. 

12. A method according to any preceding claim, 
wherein each of said chemiluminescent reactions includes a 
respective component or reagent which is a structural 

5 variant of the or each component or reagent associated with 
the or each other chemiluminescent reactions. 

13. A method according to any of the preceding 
claims, wherein one of the components in at least one of 
said chemi-luminescent reactions is based on acridinium 

10 compoxinds, or structural variants thereof. 

14. A method according to Claim 13 r wherein one 
of the components in at least one of said chemiluminescent 
reactions is an acridinium salt alkylated at the ring 
nitrogen. 

15 15. A method according to Claim 124, wherein one 

of said components in at least one of said chemiluminescent 
reactions is an acridinium phenyl ester wherein the ester is 
formed at position 9 of the acridine nucleus. 

16. A method according to Claim 15, wherein one 

20 of said chemiluminescent reactions incl\xdes an acridinium 
phenyl ester herein the phenyl moiety is sxibstituted with 
electron withdrawing groups to yield a chemiluminescent 
reaction in which the emission of light occxirs over a 
relatively short period, and another of said cheailumines- 

25 cent reactions includes an acridinium phenyl ester herein 
the phenyl moiety is sxibstituted with electron donating 
groups to yield a chemiluminescent reaction in which the 
emission of light occurs over a relatively long period. 
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17. A method according to Claim 14, wherein one 



of said chemiluminescent reactions includes an acridini\m 
salt which, on triggering a said reaction, emits radiation 
at a relatively short wavelength and wherein another of said 
5 chemiluminescent reactions includes an acridinium salt 
wherein the electronic conjugation of the acridine necleus 
is increased whereby, on triggering of said another reac- 
tion, said acridinium salt emits at a relatively long wave- 
length. 

10 18. A method according to Claim 17, wherein said 

one chemiluminescent reaction emits radiation of wavelength 
in the range of from 400 to 500 nm and said other chemi- 
luminescent reaction emits radiation of wavelength in the 
range of from 500 to 700 nm. 

15 19. A method according to Claim 13 or My claim 

dependent thereon wherein the acridinium compound is 
modified or further derivatised to permit covalent coupling 
to a molecule of biological interest. 



20 wherein one of the con^onents in at least one of said chemi- 
luminescent reactions is based on one of the following 
compounds: 



20. A method according to any of Claims 1 to 12, 



(ii) 



(i) phthalhydrazides and related compounds 
dioxetanes, dioxetanones and related 



25 



compounds 



(iii) 



Bis-oxalate esters, related compounds 
and associated acceptor peurtners where 



required. 
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21, A method for the assay, detection, 
quantification or location of each of a plurality of 
different sxibstemces of interest contained in a sample, 
wherein the senile is reacted with a mixture of appropriate 
5 binding partners for binding or otherwise linking with 
respective ones of said different substances, said binding 
partners each being associated with a respective 
chemiluminescent labelling system which is distinguishable 
from the chemiluminescent leOselling systems associated with 
10 the other binding partners. 

22 • A luminescent reagent which comprises a 
mixture of at least two substances capsODle of binding or 
otherwise linking with respective different binding 
partners, one of said substances being labelled with one or 
15 more components capedsle of taking peurt in a respective one 
chemiluminescent reaction and smother of said substances 
being labelled with one or more components capable of taking 
part in a respective another chemiliaminescent reaction of 
which the emission characteristics are distinguishable from 
20 said one chemi luminescent reaction. 

23 • A Ivuninescent reagent according to Claim 22, 
v^erein each of said chemiluminescent reactions are distin- 
guishable from each other in terms of the vEuriation of light 
intensity with time of the emissions. 
25 24. A Ixjminescent reagent according to Claim 22, 

wherein each of said chemiluminescent reactions emits 
radiation in a different spectral range. 

25. A Ivoninescent reagent according to Claim 22 
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or Claim 23, wherein at least one of said substances is 
capable of binding or otherwise linlcing in one of an 
immxinoassay binding reaction, a protein binding reaction a 
nucleic acid hybridisation reaction and a receptor binding 
5 reaction. 

26. A luminescent reagent according to any one of 
Claims 22 to 25, wherein said labelling components are 
structural variants of the or each other labelling com- 
ponent. 

27. A luminescent reagent according to any of 
Claims 22 to 25, wherein one of the components in at least 
one of said chemiluminescent reactions is based on 
acridinium compounds or structural variants thereof. 

28. A luminescent reagent according to Claim 27, 
wherein one of the components in at least one of said chemi- 
luminescent reactions is an acridinixim salt alkylated at the 
ring nitrogen. 

29. A luminescent reagent according to Claim 27, 
wherein one of said coa5)onents in at least one of said 
chemiluminescent reactions is an acridinium phenylester 
wherein the ester is formed at position 9 of the acridine 
nucleus. 

30. A luminescent reagent according to Claim 28, 
wherein one of said chemiluminescent reactions includes an 
acridinium phenyl ester wherein the phenyl moiety is 
substituted with electron withdrawing groups to yield a 
chemiluminescent reaction in which the emissi n of light 
occurs ver a relatively short period, and another of said 
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chemiluminesceni: reactions Includes an acridinium phenyl 
ester wherein the phenyl moiety is sxihstituted with electron 
donating groups to yield a chemiluminescent reaction in 
^rtiich the emission of light occurs over a relatively long 
5 period* 

31. A Ixnainescent reagent according to Claim 27, 
wherein one of said chemiluminescent reactions includes an 
acridinium salt which, on triggering of said reaction, emits 
radiation at a relatively short wavelength and wherein 
10 another of said chem i luminescent reactions includes an 
acridinium salt wherein the electronic conjugation of the 
acridine nucleus is increased whereby, on triggering of said 
another reaction, said acridiniizm salt emits radiation at a 
relatively long wavelength. 
15 32. A luminescent reagent according to Claim 31, 

wherein said one chemiluminescent reaction emits radiation 
of wavelength in the remge of from 400 nm to 500 nm and said 
other chemiluxoinescent reaction emits radiation in the ramge 
of from 500 nm to 700 nm. 
20 33* A luminescent reagent according to Claim 27, 

or any claim dependent thereon , wherein the acridinium 
compoTxnd is modified or further derivatised to permit 
covalent coupling to a molecule of biological interest. 

34 . A luminescent reagent according to any one of 
25 Clzdms 22 to 25, wherein at least one of said chemi* 

luminescent reactions is based on one of the following 
compounds: 
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(i) phthyhaldydrazides and related 
compounds 

(ii) dioxetanes, dioxetanones and related 
compounds 

(iii) Bis-oxalate esters, related compounds 
and associated acceptor partners where 
required. 
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METHOD AND APPARATUS FOR PERFORMING MULTIPLE- 
SEQUENTIAL REACTIONS ON A MATRIX 

FIELD OF THE TNVENTTQK 

The present invention is directed to a method and 
5 apparatus for performing sequential reactions on a 
plurality of sites on a matrix using noncontiguous 
microdrbp-sized loci. The apparatus and method are 
useful for performing a test or synthesis involving 
sequential steps such as DNA sequencing, DNA 

10 diagnostics, oligonucleotide and peptide synthesis, 
screening tests for target DNA, RNA or polypeptides, 
synthesis of diverse molecules, DNA separation 
technology vrtiereby DNA binds to target molecules, 
preparation of polysaccharides, methods for making 

15 complementsiry oligonucleotides, and any other test, 
sequencing or synthetic method utilizing a sequence 
of steps at a locus* An advantage or improvement can 
be obtained by providing loci so that combinations of 
different reactions may be conducted on the same 

20 matrix. 

BACKGROUND OF THE INVEWTTQN 

Methods are known for performing a pl\irality of 
secni^tial tests or reactions at loci on a matrix by 
attachment of molecules to a solid phase. Typically, 
25 a solid phase is prepared having a free functional 
group such as a hydroxy group, amino group, etc. and 
linking groups are attached t the sxirf ace by way f 
covalent linkages. These linkers serve as "handles** 
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to which ttolecules may be attached for sequential 
synthesis of such linear molecules as polypetides and 
polynucleotides. A disadvantage of such solid state 
synthesis is that the entire substrate or a large 
5 portion of the substrate must be exposed to a single 
reagent, such as the reagent which is the next 
molecule to be attached to the sxibstrate, a rinsing 
agent or a deprotecting agent. 

In some instances, locations on the substrate can be 
10 selectively treated if the reaction to be conducted 

is photolytic in nature, so masks may be prepared to 

expose selected areas to the activating radiation. 

However, an obvious disadvantage is that reactions 

must be devised which can be conducted by photolytic 
15 activation and different masks must be used to shield 

portions of the substrate at which the reaction is 

undesired. 

The present invention provides a method whereby 
reactions may be conducted on noncontiguous 
20 microdrop-sized loci on a substrate. Since the 
reagents according to the present invention are in 
liquid form, virtually any chemical reaction which 
may be conducted in solution or suspension may be 
performed. 

25 It is therefore an object of the present invention to 
provide a method and apparatus for performing a 
plurality of sequential reactions on a substrate 
whereby the reactions aure conducted on microdrop- 
sized loci and, if desired, a different sequence of 

30 reactions may be conducted at each locus. 



Furthermore, an object of the present invention is to 
provide a method and apparatus for conducting a 
plurality of sequential reactions on a matrix using 
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liquid reagents whereby the chemical reactions may be 
performed in solution or suspension. 

These and other objects of the invention will be 
apparent from the following description, the appended 
5 claims and from the practice of the invention as 
described herein. 

ST7MWARY OF THE INVENTION 

The present invention provides a method and apparatus 
for performing a plurality of chemical reactions at 
10 different sites on a substrate wherein the same or 
different tests, sequencing or synthetic reactions 
may be conducted at the loci. The invention provides 
a substrate having a sxirfacr- which has chemical 
moieties that are reactive v „-Ji reagents that are 
15 dispensed from a microdrop dispensing device. These 
reagents may be molecules that become attached to the 
surface in the microdrop loci to which they aure 
dispensed, as in the application of activated nucleic 
acid phosphoramidites, or the reagents may modify the 
20 s\irface in the microdrop loci for siibsequent chemical 
reactions, as in the deprotection of the 5 • hydroxy! 
group during the synthesis of oligonucleotides. In 
the case of delivery of reagents that become attached 
to the surface, the invention provides a substrate 
25 having a surface to which a first reagent can be 

attached by dispensing microdrpps of the reagent in 
liquid form onto the substrate. The dispenser is 
displaced relative to the surface and at least one 
microdrop is applied thereto containing the same or a 
30 different reagent* By repeating this using the same 
or a different first reagent in liquid form, a 
plurality of loci on the surface may be prepared 
wherein the reagents covalently attach at microdrop- 
sized loci wherein the boundaries of each locus are 
35 not contiguous to any adjacent locus. The surface 
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may then be washed to remove unattached reagent. If 
needed, the entire surface may be treated, or 
alternatively, a selected subset of loci may be 
treated, with deprotecting reagents to expose 
5 reactive sites of the molecules attached to the 
surface. The deprotecting reagent may also be 
dispensed from the device. Then one or more 
microdrops containing a second reagent in liquid form 
may be dispensed at selected loci on the substrate 

10 surface, whereby the second reagent is selected to 
react with the molecules already attached to the 
matrix. The dispenser is again displaced relative to 
the surface to apply the second reagent at different 
loci using the same or a different second reagent 

15 which reacts with the respective attached molecules. 
Again, the entire surface will be washed to remove 
unreacted second reagents. Then the entire surface 
or selected sxabsets of loci may be treated with 
deprotecting agents, and this process may be 

20 repeated. 



In the case of delivery of reagents that modify the 
reactivity of the surface, the invention provides a 
substrate having a surface to which the reagent is 
applied by dispensing one or more microdrops onto the 

25 substrate. The dispenser is displaced relative to 
the surface and one or more microdrops are applied 
thereto. This process may continue until the desired 
set of microdrop-sized loci have been modified by the 
application of reagent. * The surface may then be 

30 washed to remove excess reagent. The entire sxirface 
or a selected subset of loci, may be treated with a 
reagent that becomes attached to the loci modified by 
the microdrop dispensed reagent, or alternatively a 
reagent may be applied that becomes attached to the 

35 surface except at the loci that were previ usly 

modified by the microdrop dispensed reagent. If the 
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reagents that become attached to the sxirf ace contain 
chemical moieties that can be modified by the 
microdrop dispensed reagent, the process may be 
repeated such that the same or different loci are 
5 modified by the microdrop dispensed reagent and then 
reacted with a reagent or reagents that become 
attached to the modified loci until the desired 
compounds have been synthesized on the substrate. 

It will also be recognized that a combination of the 
above strategies may be employed wherein both the 
reagents that become attached to the surface in 
microdrop loci and reagents that modify the surface 
in microdrop loci are dispensed by the microdrop 
dispensing device. 

Upon completing the desired number of sequential 
steps at the loci on the substrate, the confounds may 
be removed selectively or non-selectively; if 
desired, from the substrate using cleavage reagents 
which remove compounds bound through linking groups 
to solid substrates. Cleavage agents include 
enzymatic or other chemical agents, which may also be 
dispensed as microdrops at selected loci. It will be 
appreciated, for example, in the case of diagnostic 
methods, isolation of the final compound located in 
each of the loci is not important, therefore cleavage 
of the compound from the substrate is an optional 
step. 

In some circumstances, it may be desirable to analyze 
the molecules directly upon cleavage from the 
30 substrate by such techniques as mass spectrometry. 
In such instances, it is desirable to provide a 
linker (the moiety through which the molecule in 
question is attached to the sxibstrate) which is 
cleavable by electron beam, laser, or ther energy 



20 
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source so that molecules at a locus may be 
selectively cleaved from the substrate. This is 
particularly advantageous for analyzing the molecules 
by mass spectrometry, whereby the laser or electron 
5 beam cleaves the molecules from the substrate, 

ionization occtxrs, and the ions are accelerated into 
a mass spectrometer. 

The substrate may be a solid, such as glass, prepared 
to receive linkers attached to the surface. Porous 

10 substrates, such as paper or synthetic filters may be 
used, as veil as filters (such as those sold by 
Nucleopore™) having straight, parallel micropores. 
In such a microporous sxibstrate, the reactions may 
take place within the pores, thus as^lifying the 

15 potential signal at the locus. 

It will also be recognized that the present invention 
provides a method for determining the presence of an 
analyte in a sample by contacting the sample with a 
device prepared according to the present invention 

20 having a plxirality of microdrop-sized loci , of 

covalently attached reagents whereby the analyte 
binds to at least some of the reagents. Detection of 
the loci at which binding occurs may be performed by 
conventional methods such as fluorescence, 

25 chemiluminescence, colorimetric detection, 
radioactive laJ3el detection, and the like* 

The present invention also provides a method for 
delivery of microdrops to the sxibstrate that relies 
on positioning the substrate such that the separation 
30 between the dispenser and substrate is less than the 
separation required for free droplet formation. In 
this configuration, the liquid colxxmn emerging from 
the n zzle due to the applied pressure pulse impacts 
upon the substrate before a droplet forms (i.e., a 



wo 95/25116 



PCT/US95/03143 



-7- 

coltiian of liquid stretches between the nozzle and 
substrate) . The ±mpsLCt upon the substrate alters the 
flow of liquid from the nozzle such that a much 
smaller amoTint of liquid is ultimately delivered to 
5* the substrate as compared to the case where distinct 
droplets are formed • This method allows for much 
closer spacing of loci on the sxibstrate and higher 
positional precision for the placement of loci. 

10 DESCRIPTION OP THE DRAWINGS 

FIG. lA shows a substrate having microdrop sized loci 
on one surface. FIG. IB shows the cross-section of a 
microporous substrate with straight, parallel 
15 micropores having a microdrop- sized locus containing 
attached molecules. 

PIG. 2 is a schematic side view of a microdrop 
dispenser and substrate. 

20 

FIG. 3 is a schematic illustration of two loci at 
which different peptides axe prepared. 

FIG. 4 is a schematic illustration of a flexible, 
25 continuous substrate used with the method of the 
invention. 

DSSCRIPTION OF PREFERRED EMBODIMENTS 

30 The present invention provides a method for 

performing a plurality of sequential reactions on a 
substrate. The surface of the substrate contains 
chemical moieties that react with reagents that are 
dispensed from a microdrop dispensing device. The 

35 reagents may be molecules that become attached to the 
stir face f the substrate in the microdrop loci to 
which they are dispensed or th r agents may modify 
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the surface of the exibstrate to facilitate the 
formation of a covalent bond between the surface and a 
second reagent. In the latter case, the entire 
surface or a selected soibset of loci may then be 
5 treated with a second reagent that becomes covalently 
attached to the loci modified by the first reagent. 
If only a selected subset of loci are treated with the 
second reagent, this step may be repeated with a third 
reagent that becomes attached to another subset of 
10 loci modified by the first reagent. 

The present invention may be utilized to prepare, for 
example, molecules such as peptides. In a preferred 
embodiment a linker molecule is provide as the first 

15 reagent vrtiereby one end of the linker will be attached 
to the substrate surface. The other end of the linker 
will be adapted to form a linkage with the carboxy 
te rmin al of an amino acid or peptide, to form, for 
example, an amide or eater linkage. This end of the 

20 linker may be initially chemically protected by 

protecting groups such as t-butoxycarbonyl groups (t- 
BOC) or other protecting groups known in the peptide 
synthesis art. By application of a second reagent 
onto the locus which removes a protecting group, such 

25 as acid solution, the protecting group may be removed. 
The next reagent applied at each locus would then be 
an amino terminal -protected and side-chain protected 
amino acid or polypeptide, preferably having an 
activated C- terminal group for linking the C- terminal 

30 to the end of the linker. This process may be 

repeated with the same or different n^«^r*^^ acids or 
peptides at each of the microdrop loci until the 
substrate includes the peptides of desired sequences 
and lengths. Thereafter, the protective groups are 

35 removed from some or all of the peptides, as desired. 
The deprotection may be achieved using a common 
deprotection agent, which removes the protecting 



wo 95/25116 



PCT/US95/03143 



groups on side chains and the amino ends 
simultaneously, as is known in the peptide synthesis 
art* The peptides may be cleaved from the linker 
using methods known to those of ordinary skill in the 
5 peptide synthesis art which cleave peptides from a 
solid support as, for exan^jle, used in the Merrifield 
synthesis technique* 

It will be realized that a particular advantage of 
10 this method is that, by keeping a record of the 

reagents utilized at each of the microdrop sized loci, 
peptides of different lengths and sequences maybe made 
concurrently on the same substrate. Such peptides may 
have a variety of uses including, but not limited to, 
15 screening for biological activity whereby the 

respective peptide sequences at each locus is exposed 
to a labeled or unlabeled peptide receptor, such as an 
antibody, a cell receptor, or any other variety of 
receptor. 

20 

The method according to the present invention may also 
be utilized to prepare oligonucleotides by 
sequentially dispensing through the microdrop 
dispenser protected nucleic acids. These may be added 

25 sequentially at each locus using the same or different 
nucleic adds or polynucleotides* Preferably, the 3'- 
end of the oligonucleotide will be attached to the 
linker molecule and the oligonucleotide will be 
synthesized from the 3' end to the 5' end using known 

30 techniques for oligonucleotide synthesis. The 

protecting groups are preferably those known in the 
oligonucleotide synthesis art. The oligonucleotide 
may be utilized, for exas^le, for hybridization with 
an unknown oligonucleotide to detenalne the sequence 

35 of the unknown oligonucleotide. 



An oligonucleotide synthesized at one locus may be 



wo 95/25116 



PCT/US95/03143 



-10- 

utilized to synthesize its complementary 
oligonucleotide by using DNA polymerase. Preferably, 
the locus will con5)rise straight pores in a porous 
substrate. The con^lementary oligonucleotide may then 
5 be removed by washing a denaturing agent through the 
pores onto a new stibstrate, thereby resulting in one 
substrate (the original porous substrate) containing 
the oligonucleotides which were originally 
synthesized, and another sxibstrate containing their 
10 complements. 

An array of synthesized oligonucleotides may be used 
to generate an array of complementary oligonucleotides 
by using pre- synthesized oligonucleotides, optionally 

15 containing a reactive chemical moiety such as a spacer 
with a primary amine that attaches to the phosphate 
chain. In this embodiment, the pre- synthesized 
oligonucleotides are hybridized to the array of 
oligonucleotide prepared with the microdrop dispenser. 

20 The localized con^lementary oligonucleotides are 
preferably removed from the synthesized array in 
denaturing conditions and washed onto a second 
substrate. This second substrate is preferably a 
material such as a nylon or nitrocellulose membrane, 

25 or surface with amino reactive linkers, where tlxe 
oligonucleotides become immobilized. Preferably a 
flow system onto the second substrate is utilized such 
that tha net flow is essentially perpendicular to the 
original substrate so that the cazj^>lementary 

30 oligonucleotides in adjacent loci do not intermingle. 
This may also be accoa5>lished by e3i5>loying an electric 
field that is perpendicular to the original substrate 
such that the complementary oligonucleotides 
electrophorese onto the second substrate. 

35 

In yet another embodiment of the present invention the 
substrate to which oligonucleotides are attached may 
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be used as a tool in gene therapy whereby mutations 
may be identified in a genome. For exaii5>le, oligos 
coo^lementary to fragments of the known sequence of 
the normal gene may be attached to the siibstrate. 
5 Digestion of a single strand of the gene from the 
subject in question and contact with the substrate 
containing complementary oligo sequences may reveal 
oligos to which there is binding, thereby indicating 
the presence or absence of fragments in the subject's 
10 genome. 

The substrate containing oligos may also be used to 
identify Did in saa^)les from the environment to 
detect » for exaix^le^ the presence or absence of 

15 certain species, in the case where the DMA sequences 
are known, or to determine the presence of DNA 
fragments which anneal to the substrate in the case 
where the DNA sequences are unknown. The 
oligonucleotides may thereafter be amplified by PCR 

20 as^lification technology. 

If the substrate is a porous filter, membrane or other 
material v^ch can be cut, the substrate may be 
divided into portions containing one locus (or a 
25 plurality of loci having identical or different 
molecules) . These portions may be placed in 
microtiter wells for diagnostic or therapeutic tests 
hereby each well is separately treated with a saa^le. 

30 One application of the present invention is to prepare 
an array of oligonucleotides for the sequencing of DUft. 
by hybridization. The basis for this method is that a 
given sequence can be constructed from the knowledge 
of its constitutive set of .overlapping sequence 

35 segments, provided there is a certain degree of 
uniqueness among these segments. The set of 
overlapping sequence segments of length n can be 
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obtained by hybridization of the unknown DNA to a set 
of n-mer oligonucleotides which represent all 4^ 
possible sequences. The advantages of sequencing by 
hybridization include faster sequence determination, 
5 lower cost, ease of automation and higher reliability 
(as compared to a single sequence reading from a gel) . 
For an array of oligonucleotides of length n it is 
possible to determine the average length of DNA 
fragment that can be unambiguously sequenced. 

10 Although difficulties can arise^when a fragment of 
length n-I appears in the sequence more than once, 
nevertheless, statistical analyses have shown 
sequencing by hybridization to be a feasible method. 
The relationship between the length of 

15 oligonucleotides and the length of the average 

resolvable sequence has been determined. Typical 
numbers are shown in Table 1. For example, an array 
of all 65,536 octamers can be used in the sequencing 
of short, 100 to 200 base pair fragments. 

20 

Furthermore, it has been shown that inclusion of a 
random content fixed length gap in the 
oligonucleotides of the array can be used to achieve 
higher lengths of sequence resolution. The 
25 combination of an array of all 4* octamers and an 
array of all 4* octamers with a random nucleotide 
inserted in the middle of the octamer has nearly the 
same resolving power as an array of all 4* nonamers, 
even though the nonamer array is twice as large. 

30 

The preferred ink jet device utilized to deliver the 
microdrops generates addresses less «->^a^ loo microns 
across, and address sizes as small as 10 microns are 
attainable. A primary advantage to use of the ink 
35 jet is that standard methods for oligonucleotide • 
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synthesis that have been optimized for extremely high 
yields can be employed. 

By employing a multiple jet device the synthesis of 
complete arrays of oligonucleotides can proceed four 
5 times faster and with less material than can be 
accomplished by performing only addressable 
deprotection. The simplest design .to accomplish this 
is a five jet system, one jet each for the four 
phosphoramidite reagents and one jet for the 

10 activating tetrazole solution. The operation of this 
device is directly analogous to the operation of 
color ink jet printers, in every coupling cycle, for 
each address on the array a number is assigned to 
indicate the correct synthon to be added. During the 

15 reagent delivery process, the stage rasters through 
the addresses of the array. Tetrazole is first 
applied to the substrate. At each address an 
additional offset motion is applied to bring the 
correct phosphoramidite jet (A, C, G or T) in line. 

20 one or more droplets of the phosphoramidite are then 
dispersed. Subsequent to this a second offset motion 
is employed to bring the tetrazole jet in line with 
the address. After dispersal of the, tetrazole 
reagent, the stage can raster to the next address for 

25 a new delivery cycle. The software for the advanced 
device is very similar to the control software 
described in the examples with a modification that a 
•color* bitmap is used to represent the array. The 
four phosphoramidite reagents are each assigned to a 

30 specific color. During the raster through the array 
for delivery, the color at. each pixel in the bitmap 
is translated to the offset motion to bring the 
correct reagent in line with the address. The 
tetrazole jet fires at every address position. 
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The tetraethylene glycol linker is useful for single 
hybridization with oligonucleotides. Low non- 
specific binding has been observed. Longer polymers 
of ethylene glycol may be utilized, as well as 
modified phosphodiesters . Phosphoramidite reagents 
are commercially available that may be polymerized in 
a stepwise manner to yield dimethoxytrityl-capped 
linkers of virtually any length desired, since this 
linkage is ultimately a phosphodiester with 
phosphates spaced by alkyl chains of only a few 
carbons, it will have similar hydrophilicity to 
standard DNA. Further, since the linker is 
negatively charged at neutral pH, lower non-specific 
binding of DNA to the substrate is expected. 

To address the question of coupling efficiency and 
thus the sequence fidelity in the synthesized arrays 
the preferred method is to synthesize large arrays, 
where all addresses contain the same sequence, and 
perform Maxam-Gilbert sequencing directly on the 
substrate region that contains the array. Prior to 
the start of sequencing the array may be end-labeled 
with »P phosphate. 

The sequencing by hybridization may require either 
larger arrays, for example the undecamer array, or 
arrays that have been optimized to obtain more 
information from a set of hybridization tests. For 
such large arrays, the complete set of undecamers has 
4.2 million members, therefore small address and 
guard regions are advantageous, with lOO micron 
addresses and 50 micron guard regions, parameters 
that are within the capacity of examples disclosed 
herein, the entire xindecamer array would occupy an 
area of 10.5x10.5 square inches. 
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In yet another embodiment the microdrops may be used 
to synthesize polysaccharides using the 
monosaccharides as building blocks. However, it will 
be readily apparent that many other types of 
5 polymeric materials may be made according to the 
present invention whereby the same or different 
polymers maybe be constructed at each locus on the 
substrate. 

In a particulzurly advantageous use of the present 

10 invention, small molecules may be made whereby the 
molecules may be built sequentially using reagents in 
a multistep synthesis. These need not be polymeric 
molecules where there is a repetitive unit. Since 
different reagents may be applied to one or more of 

15 the loci on the substrate, there is an advantageous 
diversity of structures that can be attained by the 
multiple and conciirrent synthesis technology 
according to the present invention. The target 
compounds may be contempcrueously, but sepeirately 

20 synthesized on the substrate to generate an ensemble 
of compounds which may or may not be structurally 
related. Each step of the synthesis which occurs at 
each locus should involve soluble reagents, and 
should occur at a reasonable yield at typical ambient 

25 temperatures, since most or all of the sites on the 
substrate will be essentially isothermal. For 
example, a benzodiazepine may be prepared from an 
amino acid bound to the substrate by the carbon 
terminus. Treatment with a microdrop containing 2* 

30 aminobenzbphenone imine forms a substrate-bound imine 
and then treatment with TFA (trif luoro acetic acid) 
generates a benzodiazepine* By using different amino 
acids and different aminobenzophenones, an array of 
different benzodiazepines maybe made in this manner. 
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Reference will be made now to the various figures 
which further describe the preferred modes for 
practicing the invention. 

Referring now to the figures, in Fig. lA there is 
5 shown a stibstrate 2 OA having on one surface thereof 
the microdrops 21 which define each locus at which 
the chemical synthesis or diagnostic reaction may 
taJce place according to the present invention. Since 
each microdrop is discrete and noncontiguous with 
10 adjacent microdrops, reactions may be conducted at 
each microdrop which are independent of reactions at 
other microdrops. In Fig. IB, there is shown a 
microporous substrate 2 OB having straight, parallel 
micropores 40. The growing chains of molecules (41) 
15 may be attached within the pores, thus amplifying the 
synthesis by the additional surface area available 
beneath the surface of the substrate • 

Referring to Fig. 2 there is shown a schematic 
elevation of the substrate 20 upon which is located 
on one surface thereof the microdrops 21. 
Schematically shown is the microdrop multiple jet 
head dispenser 22 from which, as shown, is being 
dispensed a microdrop 23. The microdrop is dispensed 
by a pressure pulse generating means 24, such as a 
piezoceramic driven pressure pulse device as is 
typically Jcnown in the art of Inkjet printers. The 
timing and amplitude of the pulse cure controlled by a 
suitable electrical controller 25. The location of 
the dispenser 22 may be suitably controlled by a 
computer controlled mechanical grid or arm by which 
precise movements of the dispenser to different 
locations over the surface 20 can be controlled by 
control means 26. A reagent source 28 may serve as a 
reservoir for a particular reagent which is being 
dispensed, with the flow of the reagent being 



25 



30 
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controlled by a flow controller 27. Alternatively, 
the dispenser 22 may be held stationary and the 
substrate 20 may be moved by appropriate controllers 
in a precise way to locate the microdrops on the 
substrate surface 20. As part of the control of the 
location of the dispenser 22, the controlling means 
26 will also contain a memory to record the identity 
of each reagent and the sequence at which they were 
added to, each microdrop locus. 



Referring to Fig. 3, there is shown an elevational 
view, of the substrate 20 and a schematic view of the 
elements which may be present at two of the microdrop 
loci. At each of the loci there is a plxirality of 
chemical linkers 30 which are attached at one end to 
15 the substrate surface 20 and at the other end to a 

molecule which is being synthesized at the particular 
locus. In the figure the letter «A" represents an 
amino acid. By separate microdrop treatments in one 
locus the peptide having the sequence (using 
20 conventional peptide nomenclature whereby the last 
amino acid added to the chain is the N-terminus) the 
peptide AjAjA, has been made by applying in sequence 
the reagents containing the amino acids A^ A, and A,. 
At the other microdrop location the peptide AjA^, has 
25 been made by applying in sequence the amino acid 
reagents containing A,, A4 and Aj. 

Referring to Pig. 4, there is shown a schematic 
diagram of one embodiment of an apparatus utilizing 
the present invention. The substrate 35 is a 

30 continuous, flexible material to which chemicals may 
covalentiy linked, such as flexible polystyrene 
having surface groups to which chemical linkers may 
be attached, such as those used in solid phase 
peptide synthesis. One or more el ctromechanically 

35 controlled dispensers 36A and 36B are used to apply 
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microdrops onto the substrate 35. The movement of 
the substrate 35 is also electromechanically 
controlled in the longitudinal direction shown by the 
arrow. The movement of the dispensers 36A and 36B 
5 may be controlled along the transverse direction, as 
well as along the longitudinal direction. Excess 
reagent is washed off in a bath in tank 37. 
Detecting means 38, which is also controlled in the 
transverse smd lateral directions, is utilized to 
10 observe the loci for either quality control or, in 
the case of a diagnostic use, for a signal such as 
fluorescence, radioactivity, polzorization, 
chemiluminescence, etc. 

3-5 INK JET DEVICE 

A device for reagent delivery was constructed 
consisting of two 25 mm micrometers that provide x 
and y translation coupled to 10 V, 0.5 amp per phase, 
200 step per revolution stepper motors. A single 

20 motor step gives a travel of 2.5 /m. A 48 V power 
supply with dropping resistors was incorporated to 
increase high speed motor torque. A piezoelectric 
ink jet head was mounted vertically to a third 12.5 
mm micrometer. The jet was positioned to fire 

25 droplets upwards to the underside of a microscope 
slide held to the top of a platform with a spring 
loaded slide holder. Electric pulses were generated 
with electronics that allow all pulse parameters, 
such as the driving voltage, pulse duration amd 

30 frequency, to be adjusted. A video camera, which 
translates in x and y with the jet, was positioned 
above the slide to monitor drop ejection by focusing 
on the lower slide surface. Alternately, the camera 
could be rotated to view across the jet nozzle with 
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lighting provided by a strobed LED to allow for 
visualization of ejected droplets. 

The ink- jet device was controlled by C/C++ program 
ASyn, with a windows interface incorporated such that 
5 nearly all functions can be done with a mouse which 
can be placed inside a glove box along with the ink 
jet device. ASyn provides TTL level triggering to 
peripheral hardware through a multi-parallel port 
add-in card on a PC compatible computer. 

10 The software allows for several modes of operation 
including a manual move and fire, a drawing mode that 
' prints" a bitmap image, and a macro execution mode 
that cem 'print' a nxnaber of images at different 
locations. A bitmap is a ntamerical representation of 

15 a two dimensional image made up of an array of 

pixels. In the case of black and white image, a 1 in 
the bitmap produces one color while a 0 produces the 
other. Thus the four bytes FF, O^r FF, and 0, whoso 
binary 'bitwise* representation is llllllll, 

20 OOOOOObo, 11111111, and OOOOOOOO would produce 

alternating white and black lines 8 pixels wide if 
rendered on a computer screen as a bitmap. The logic 
of the program divides the arrays into 'addresses* 
and 'guard* positions that can have variable 

25 dimensioxis. The decision to fire at a given address 
is determined by the value of a pixel in the bitmap 
image. The mode of firing at an address can also be 
controlled to give single or multiple droplets in the 
center of the address as well as a pattern of single 

30 droplets to fill a square address area. In addition, 
logic has been incorporated into ASyn to generate the 
appropriate bitmaps for the synthesis of 
combinatorial arrays of oligonucleotides. 
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A variety of organic solvents including 
dibromomethane, nitromethane , acetonitrile and 
dimethyl formamide were found to be suitable for ink 
jet delivery. Dichloromethane was not found to be 
5 suitable for room temperature delivery although a 
cooled jet assembly provided better results. A 
reagent consisting of 0*8 M ZnBr^ in 9:1 
nitromethanerisopropanol has been selected for the 
deprotection of the 5*0 diaethoxytrityl protected 
10 deoxyribose during the on-chip synthesis of 
oligonucleotides • 

While delivering water, the ink- jet pulse parameters 
can be readily adjusted for the delivery of single 
droplets free of satellites. When the jet nozzle to 

15 microscope slide separation is greater than 100 
microns, the drop footprint on a glycidoxypropyl 
silanized slide can be varied from -150 to -250 
microns depending on the driving voltage. When the 
nozzle to slide separation is less than 60 microns, 

20 the footprint is seen to decrease to between 60 and 
80 microns. In this case the footprint is relatively 
independent of the driving voltage. 

The driving pulse for the ink jet is optimized by 
setting the video camera to view across the nozzle of 

25 the jet with the LED strobe in the background. 

Driving voltage and delay parameters are adjxxsted 
while firing a continuous stream of droplets. It was 
found that the deprotecting reagent required a 
driving Voltage that was approximately one third that 

30 which was required for water. A high degree of 
control can be exerted on the droplet size when 
firing deprotection reagent by adjusting the driving 
voltage, in the case of firing single droplets onto 
a slide, the size of the 'fo tprint' of the droplet 

35 as it spread onto the slide surface could be varied 



wo 95/25116 



PCT/US95/03143 



-21- 

from less than 100 /xm to more than 250 fxm by varying 
the drive voltage. A combination of suitable driving 
voltage in close positioning has yielded the delivery 
of droplets of deprotecting agent with a footprint on 
5 the order of 60 microns. 

EXAMPLE 2 
OLIGONUCLEOTIDE SYNTHESIS 

Oligonucleotide synthesis was performed using the inJc 
jet to deliver deprotecting reagent. 

10 A standard microscope slide was coated with 

glycidoxypropyl silane and reacted with tetraethylene 
glycol. A standard phosphoramidite synthetic cycle 
was used. The entire synthesis was performed in a 
dry nitrogen filled glove box. Prior to the first 

15 coupling reaction the slide was rinsed with 

acetonitrile (MeCN, distilled from calcium hydride) 
and dichoromethane (DCM) and vacuum dried for one 
minute. Phosphoramidite monomers were dissolved a 
O.lM in acetonitrile. Tetrazole was dissolved at 

20 0.5M in MeCN. Coupling was performed by adding BO fil 
each of the tetrazole and phosphoramidite to an 
aluminum reaction trough. The glass slide was placed 
into the trough causing the liquid to spread evenly 
over the slide surface. Reaction was allowed to 

25 proceed for three minutes. The slide was then rinsed 
with MeCH and the coupling procedure repeated. 

After coupling, the slide was dipped for two minutes 
into a Teflon and glass chamber that contained an 
oxidizing iodine/ lutidine/MeCN/water solution 
30 purchased from Pharmacia (250m1 each of oxidation 1 
and oxidation 2). The slide was then rinsed twice 
with MeCM and DCM and dried in vacuum. 
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After drying, the slide was placed onto the ink jet 
platform for spraying of the appropriate pattern of 
deprotection reagent. The slide was allowed to sit 
for a period of five minutes after that last droplet 
5 was delivered. The slide was then rinsed twice with 
MeCN and DCM and vacuum dried in preparation for the 
next coupling cycle. 

A the end of synthesis the slide was removed from the 
glove box and immersed overnight in a bath of 30% 
10 ammonia at room temperature. 

A test of simple oligonucleotide synthesis was 
performed to generate 4x5 arrays of poly-T. In this 
study, 17 cycles of coupling were performed using a 
single spray pattern that deposited 15 droplets to 

15 all addresses. The addresses were spaced on 2 mm 
centers. At the end of synthesis the 
oligonucleotides were deblocked and hybridized with 
an end-labeled 15-mer of poly-A using 6x S5C/0.5%SDS 
and 400 ng of end-labeled probe. The synthesis of 

20 arrays of poly-T was successful. 

It will be appreciated that the above described is 
intended to be illustrative and not restrictive and 
that many embodiments will be apparent to those with 
skill in the art upon reviewing the above description 

25 and following claims. The scope of the invention 
should, therefore, be determined not with reference 
to the above description, but should instead be 
determined with reference to the appended claims 
along with the full scope of equivalents to which 

30 such claims are entitled. 
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Table 1. Length of possible sequence 
determination versus the length o£ 
oligonucleotides used for hybridization. 

Length of Length of Sequence 

5 Oligonucleotide Identifiable* 



7 80 

8 180 

9 260 
10 560 

10 11 1300 

12 2450 



*The8e numbers represent the length for 
which sequence reconstruction will be 
possible in 95% of all cases. 
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CLAIMS ! 

1. A method of step-by- step synthesis of an 
array of different chemical compounds at microdrop- 
sized loci, where each coa^jound is covalently attached 
to or beneath the surface of a substrate con5>rising the 
5 steps of: 

(a) applying through a single unit of a 
multiple reagent dispenser at least one microdrop of a 
first reagent in liquid form to said surface, wherein 
said substrate is chemically prepared to react with 

10 said first reagent to covalently attach said reagent to 
said substrate; 

(b) displacing said multiple reagent 
dispenser relative to said siirface, or the.siirface with 
respect to multiple reagent dispenser, and applying at 

15 least one microdrop containing either the first reagent 
or a second reagent from a different dispenser unit to 
said surface wherein said substrate is chemically 
prepared to react with said reagent to covalently 
attach said reagent to said substrate; 

2^ <c) optionally repeating, step (b) at 

least one time using the same or different reagents in 
liqiiid form from different dispenser units wherein each 
of said reagents covalently attaches to said substrate 
to form covalently attached compounds ; 

2^ (d) washing said substrate to remove 

unattached reagents; 

(e) modifying said attached reagents; 

(f) repeating steps (a) through (e) 
with the same or different reagents at various loci on 

30 the substrate; and 

(g) optionally, selectively or 
nonselectively removing the attached confounds at said 
loci from said substrate. 

35 2 • A method of step^by-step synthesis of an 

array of different chemical confounds at microdrop- 
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sized loci, where each compound is covalently attached 
to or beneath the surface of a substrate comprising the 
steps of; 

(a) applying through a single unit of a 
multiple reagent dispenser at least one microdrop of a 
first reagent in liquid form to said surface at the 
first locus; 

(b) displacing the multiple reagent 
dispenser relative to said surface and applying through 
a second unit of a multiple reagent dispenser a second 
reagent to the first locus to form a mixture of 
reagents at the first locus wherein said substrate is 
chemically prepared to react with said mixture to 
covalently attach one or more of said reagents to said 

15 substrate at the first locusi 

(c) optionally repeating steps (a) and 
(b) at additional microdrop tsized loci of said surface 
where the same or different mixture of reagents are 
formed at each locus. 

washing said substrate to remove 

the excess reagents; 

(e) modifying said attached reagents; 

(f) repeating steps (a) through (e) 
with the same or different reagents at various loci on 

25 the substrate; and 

(g) optionally, selectively or 
nonselectlvely removing the attached confounds at said 
loci from said sxibstrate. 

3. A method according to claim 1 or 2 
herein said substrate comprises a solid, non-porous 
material * 



35 



4. A method according to claim 1 or 2 
wherein said substrate coo^rises a porous material. 

5. A method according to claim 4 wherein 
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said porous material con^rises paper, 

S. A method according to claim 4 wherein 
said porous material comprises a sheet having internal 
5 straight, essentiaLLly parallel pores. 

7. A method of preparing a substrate 

according to claim 1 or 2 wherein said reagents in said 

microdrops comprise protected or unprotected amino 

0 acids, thereby forming polypeptides attached at said 
loci. 

8. A method of preparing a substrate 
according to claim 1 or 2 wherein said reagents in said 

5 microdrops comprise protected or unprotected nucleic 
acids, thereby forming oligonucleotides attached at 
said loci. 



9. A method of preparing a substrate 

20 according to claim 1 or 2 wherein said reagents in said 
microdrops con^rise protected or unprotected sugars, 
thereby forming oligosaccharides attached at said loci. 

10. A method according to claim 8 further 

25 cQii?>rising the step of aa?>lifying said oligonucleotides 
by polymerase chain reaction an5»lification. 

11. A method according claim 8 further 
canprlsing the steps of forming the oligonucleotide 

30 canqplements of said attached oligonucleotides by use of 
polymerase and nucleic acids, and washing said 
complements from said substrate with a denaturing 
agent. 

12 • A method according to claim 8 further 
coii?)ri8ing the steps of hybridising oligonucleotide 
complements to said attached oligonucleotides, and 
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washing said complements from said stibstrate with a 
denaturing agent. 



13. A method according to claim 12 wherein 
5 said substrate con^rises a porous membrane having 
straight, essentially parallel pores and said 
complements are removed through said pores onto a 
second substrate, wherein the relative locations of 
said complements on said second substrate correspond to 
10 the relative locations of their respective 

oligonucleotides on said substrate from which they were 
removed* 



14. A method aceorddLng to claim 1 or 2 
15 v^erein said reagents in said microdrops con^rise 
chemical moieties for stepwise synthesis of target 
confounds r thereby forming said target compotinds 
attached at said loci. 



20 15. A method according to claim 1 or 2 

v^erein said confounds attached at said loci are 
cleaveable from said substrate by exposure to laser or 
electron beams. 

25 16* A method according to claim 1 or 2 

i^erein said compounds attached at said loci are 
cleaveable from said substrate by chemical reagents. 

17. A substrate prepared according to the 
30 method of claim 1 or 2. 



18. A sxabstrate prepared according to the 
method of claim 7. 



35 



19. A axibstrate prepared according to the 
method of claim 8. 
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20. A substrate prepared according to the 
method of claim 9. 

21. A substrate prepared according to the 
5 method o£ claim 13. 

22* A method for determining the presence of 
an analyte in a seus^le comprising the steps of 
contacting said sas^le with a substrate having a 
10 surface on which are contained microdrop- sized loci of 
covalently attached reagents, whereby said analyte 
binds to at least some of said reagents at said loci; 
and detecting the loci at v^ich said binding occtirs. 

15 23* A method for detecting active molecules 

in a sas^le comprising the steps of contacting said 
sample with a substrate having a surface on which are 
contained microdrop- sized loci of covalently attached 
reagents; whereby said active molecules bind to at 

20 least some of said reagents at said loci; and detecting 
the loci at which said binding occurs. 

24. A method according to claim 22 or 23 
v^erein said substrate is divided into separate 

25 portions azid said portions are separately contacted 
with a sample. 

25. A method according to claim 1 or 2 
herein said multiple reagent dispenser consists of 

30 multiple piezoelectric jet heads. 

26. A method according to claim 25 wherein 
said quantities of first or subsequent reagents 
dispensed are microdrops having voliames of from 10 to 

35 about 150 picoliters. 



27. A method according to claim 1 r 2 
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wherein said quantities of first or subsequent reagents 
. dispensed are microdrops having volumes of from cdsout 
10 to about 150 picoliters. 



array of oligonucleotides at microdrop- sized loci where 
each oligonucleotide is covalently attached to or 
beneath the sxxrface of the sxibstrate comprising the 
steps of: 



multiple reagent dispenser at least one microdrop of a 
. solution of tetrazole to the first locus; 

(b) displacing said multiple reagent 
dispenser relative to said surface and applying through 

15 a different unit of a multiple reagent dispenser at 
least one microdrop of a solution of a nucleotide 
phosphoramidite to the first locus wiiare the 
phosphor amidite and tetrazole reagents react with said 
surface to covalently attach the nucleotide to the 

20 surface through a phosphite bond; 

(c) optionally repeating steps (a) suid 
(b) at additional microdrop- sized loci of said sxirface 
where in step (b) the same or different nucleotide 
phosphoramidite is applied and the nucleotide becomes 

25 covalently attached to the surface; 

(d) washing said substrate to remove 
unattached reagents; 

(e) applying an oxidizing reagent to 
the entire substrate to modify the newly formed 

30 cov&lent attachments to phosphodiester bonds; 

(f) washing said substrate to remove 
oxidizing agents; 

(g) applying a deprotecting reagent to 
remove protecting groups to allow for attachment of 

35 additional nucleotides; 

(h) washing said substrate to remove 
deprotecting reagent; 



5 



28. A method of step-by-step synthesis of an 



10 



(a) applying through a single unit of a 
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(i) optionally repeating steps (a) 
through (h) where the same or different nucleotide 
phosphoramidites are applied to the surface loci; 

(j) optionally removing protecting 
5 groups from the oligonucleotides; and 

(k) optionally selectively or 
nonselectively removing the attached oligonucleotides 
at said loci from said substrate. 



10 29. A method of preparing a substrate having 

a pl\irality of non- contiguous microdrop- sized loci on a 
surface of said substrate, wherein at each of said loci 
a confound is covalently attached to or beneath said 
surface, comprising the steps of: 

15 (a) applying through a single reagent, 

dispenser to a first locus of said surface a quantity 
of a first liquid activating reagent wherein said 
reagent modifies said surface at said first locus to 
activate said surface for forming covalent bonds; 

20 (b) displacing said single reagent 

dispenser relative to said surface and applying a 
quantity of said first activating reagent to said 
surface at a second locus and optionally repeating the 
displacing and applying steps at third and subsequent 

25 loci^ each such locus thereby becoming modified locus; 

(c) washing the sxibstrate to remove 
excess reagent; and 

(d) applying a quantity of a second 
reagent to the entire substrate, including loci 

30 modified by a steps a, b and c to yield the second 
reagent covalently bound to said surface at said 
modified loci. 



30. The method of claim 29 wherein said 
35 first activating reagent is a deprotection reagent 
^diich removes protecting groups of said locus. 
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31. The method of claim 29 wherein said 
first activating reagent is an activation reagent which 
activates reactive groups of said locus. 

32. The method of claim 29 wherein step (d) 
is repeated with the same or a different second reagent 
where the same or different loci have been modified in 
accordance with steps (a) through (c) . 

33. The method of claim 32 wherein said 
second reagent comprises protected or unprotected amino 
acids, thereby forming polypeptides attached at said 
loci. 

34. The method of claim 32 wherein said 
second reagent canqarises protected or unprotected 
nucleotides, thereby forming oligonucleotides attached 
at said loci. 



35. The method of claim 34 %^erein said 
activating reagent is selected from the group 
consisting of trichloroacetic acid in dichlorome thane 
and zinc bromide in ni trome thane t isopropanol . 

36. The method of any of claims 29 through 
34 herein said quantity of activating reagent is 
applied by a pulse from a single piezoelectric jet 
head» 



37. The method of claim 36 wherein said 
quantity of activating reagent dispensed is a microdrop 
having a volume of from about 10 to about 150 
picoliters. 



35 



38. The method of claim 29 wherein said - 
quantity of activating reagent dispensed is a microdrop 
having a volume of from about 10 to about 150 
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picoliters. 

39. The method of any of claims 29 through 
34 wherein said substrate comprises a solid, non-porous 

5 material. 

40. The method of any of claims 29 through 
34 wherein said substrate comprises a porous material. 

10 41. A siibstrate prepared according to the 

method of any of claims 29 to 31. 

42. The substrate according to claim 41 
wherein said substrate conrprises a solid, non-porous 

15 material • 

43. The substrate according to claim 41 
wherein said substrate comprises a porous material. 

20 44. A substrate prepared according to the 

method of claim 32 wherein repeated application of the 
same or different second reagent results in the 
formation of polymers covalently bound to said surface 
at said loci. 

25 

45. The substrate according to claim 44 
therein said polymer is a peptide. 

46. . The substrate according to claim 44 
30 v^erein said polymer in an oligonucleotide. 

47. A method of preparing a substrate having 
a pltirality of non- contiguous microdrop-sized loci on a 
surface of said substrate, wherein at each of said loci 

35 a compound is covalently attached to or beneath said 
surface, comprising the steps of: 

(a) positioning a piez electric jet 
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head dispenser at a predetermined distance from said 
sxibstrate and applying at least one microdrop of a 
liquid reagent; 

(b) displacing said dispenser relative 
5 to said surface and applying at least one microdrop of 

said liquid reagent to said surface at a second, non- 
contiguous locus, and optionally repeating the 
displacing and applying steps at third and subsequent 
non- contiguous loci; and 

(c) wherein said predetermined distance 
is less than the separation distance required for free 
droplet formation, whereby a smaller volume of liquid 
reagent is delivered to said sxabstrate per microdrop as 
con^ared to the volume per microdrop when a droplet is 

15 allowed to form before contact with said substrate. 
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